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5 BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a side sliding door 
10 device that opens and closes an entrance or opening on a 
side of a railway vehicle, for example, a train, and more 
particularly to a locking mechanism that locks a sliding 
door in a closed state. 

15 BACKGROUND OF THE INVENTION 

Side sliding door devices for a train fulfill an 
important role in protecting passengers' lives, and must 
not be freely operated regardless of whether the train is 

20 moving or not, and require high operational reliability. 
In general, a side sliding door device has a sliding door 
driven by an actuator at each entrance. The sliding door 
is automatically locked in a closed state by an automatic 
locking mechanism when a closing operation is completed, 

25 and unlocked by an electric actuator, for example, an 
electromagnetic actuator, operated according to a sliding 
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door opening instruction when an opening operation is 
performed. 

If a problem trouble occurs in an opening/closing 
instruction system while the sliding door is operated, and, 
for example, the sliding door does not perform the opening 
operation even if the opening instruction is provided, the 
automatically locked sliding door is likely to be unlocked 
by an operational error of the electric actuator. For such 
abnormal conditions as this, a manual locking mechanism 
is separately provided. The manual locking mechanism 
mechanically locks the sliding door by a manual operation 
in the abnormal conditions, and avoids the risk of 
unlocking even if any electrical problems occur. 

FIGS. 10 to 13 show a prior art example of the manual 
locking mechanism. FIG. 10 is a front view thereof in an 
unlocked state, FIG. 11 is a partial sectional view taken 
along the line XI-XI in FIG. 10, FIG. 12 is a front view 
thereof in a locked state, and FIG. 13 is a partial 
sectional view taken along the line XIII-XIII in FIG. 12. 
In FIGS . 10 to 13 , a manual locking mechanism 50 has a manual 
rotary (cylinder) lock 51 and a lock lever 52 integrally 
secured to a rotation axis thereof, and is secured to a 
column 54 on a side of an entrance of a train vehicle body 
via a fastener 53 having a horseshoe-shaped section . The 
manual locking mechanism 50 is placed, for each door of 
the double sliding doors 1, 2 (the manual locking mechanism 
50 for the sliding door 2 only is shown), adjacent to a 



back end surface of each of the sliding doors 1, 2 shown 
in a closed state. 

In FIGS. 10 and 11 , the lock lever 52 is in an upright 
state, and does not prevent an opening operation of the 
5 sliding door 2 to the right. FIGS. 12 and 13 show a state 
in which the rotary lock 51 is rotated through 90° by an 
unshown key inserted from a keyhole in the left end surface 
as shown in the drawings. The lock lever 52 protrudes 
behind the rear end surface of the sliding door 2 . In this 

10 state, the sliding door 2 is held by the lock lever 52, 
and cannot perform the opening operation from the shown 
closed state. In Figure 13, reference numeral 55 denotes 
a back-up block for the lock lever 52 which is secured to 
a column 56 of the vehicle body. As described above, the 

15 manual locking mechanism 50 is manually operated by a 
conductor in abnormal conditions to lock the sliding door 
2 in the closed state by the lock lever 52. The locking 
is mechanically performed to prevent the possibility of 
unlocking caused by an electrical problem. 

20 However, the prior art has a structure in which 

movement of the sliding door is restricted by the manual 
locking mechanism mounted to the vehicle body. Thus, 
manufacturing errors of the sliding door influence 
mounting positions of the manual locking mechanism. As 

25 a result, it takes substantial time to perform positional 
adjustment of the manual locking mechanism for each sliding 
door at the site where the vehicle is used. For example. 
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if two sliding doors are placed at each of four entrances 
on one side, one vehicle includes 16 sliding doors, and 
the adjustment operation requires a large number of steps, 

5 SUMMARY OF THE INVENTION 

Therefore, an object of the invention is to eliminate 
the need for adjustment of a manual locking mechanism 
provided in a side sliding door device for a vehicle at 
10 the site where the vehicle is used, and to reduce the number 
of steps for assembling the vehicle. 

In order to achieve the above described object, a 
side sliding door device for a vehicle according to an 
embodiment of the invention 
15 There is provided a side sliding door device for a 

vehicle that opens and closes an entrance on a side of the 
vehicle by a sliding door movably supported on a horizontal 
door rail, comprising: 

an automatic locking mechanism interlocked with a 
20 closing operation of the sliding door to lock the sliding 
door in a closed state; and 

a manual locking mechanism that locks the sliding 
door in the closed state by a manual operation, 

wherein the manual locking mechanism prevents an 
25 unlocking operation of the automatic locking mechanism 
when the door is in a locked state, and holds the sliding 
door in the locked state. 
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Here, the automatic locking mechanism and the manual 
locking mechanism may be provided on a common base plate 
on a vehicle body and integrated in a single unit. 

The manual locking mechanism may comprise a switch 
5 connected with the manual operation, the switch turning 
off power of an actuator that drives the sliding door when 
the sliding door is manually locked by the manual locking 
mechanism. 

The automatic locking mechanism may comprise: 
10 a latch mechanism including a latch bar movably 

supported in a vertical direction with respect to the 
vehicle body, and a latch hole provided on the sliding door 
to receive the latch bar; 

unlatching means for releasing a latched state of 
15 the latch mechanism; and 

latch holding means for holding an unlatched state 
of the latch mechanism. 

The manual locking mechanism may comprise: 
a rotary lock; and 
20 a lock lever secured to a rotational shaft of the 

rotary lock, and when the rotary lock is rotated by a manual 
operation, the lock lever engages with a lock fastener 
integral with the latch bar. 

According to the invention, the manual locking 
25 mechanism does not directly hold the sliding door, but 
prevents the unlocking operation of the automatic locking 
mechanism. Thus, a positional relationship between the 
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automatic locking mechanism and the manual locking 
mechanism can be adjusted in a factory, and the mechanisms 
are both mechanical parts with high dimensional accuracy 
and can be easily adjusted. 

The positional relationship between the automatic 
locking mechanism and the manual locking mechanism can be 
maintained more accurately, and handling at the site where 
the mechanisms are mounted to the vehicle is further 
simplified. 

Mechanical locking of the sliding door prevents an 
operation of the actuator at the same time, thus further 
increasing safety . 

The above and other objects, effects, features and 
advantages of the present invention will become more 
apparent from the following description of embodiments 
thereof taken in conjunction with the accompanying 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front view of a preferred embodiment of 
a side sliding door device according to the invention, in 
which an automatic locking mechanism is in a locked state, 
and a manual locking mechanism is in an unlocked state; 

FIG. 2 is a plan view of the manual locking mechanism 
in FIG. 1; 



FIG. 3 is a bottom view of a rotary (cylinder) lock 
in FIG. 2; 

FIG. 4 is an enlarged view of the locking mechanism 
in FIG. 1; 

FIG. 5 is a partial side view taken in the direction 
of arrow V in FIG. 4; 

FIG. 6 is a front view of the preferred embodiment 
of the side sliding door device according to the invention, 
in which the automatic locking mechanism and the manual 
locking mechanism are both in locked states; 

FIG. 7 is a plan view of the manual locking mechanism 
in FIG. 6; 

FIG. 8 is a front view of the preferred embodiment 
of the side sliding door device according to the invention, 
and shows an unlocking operation state of the automatic 
locking mechanism; 

FIG. 9 is a plan view of the manual locking mechanism 
in FIG. 8; 

FIG. 10 is a front view of an unlocked state of a 
prior art manual locking mechanism; 

FIG. 11 is a plan view of the manual locking mechanism 
in FIG. 10; 

FIG. 12 is a front view of a locked state of the manual 
locking mechanism in FIG. 10; and 

FIG. 13 is a plan view of the manual locking mechanism 
in FIG. 12. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



FIGS. 1 to 9 show a preferred embodiment of the 
invention. FIG. 1 is a front view of essential portions 
5 of a side sliding door device , in which an automatic locking 
mechanism is in a locked state, and a manual locking 
mechanism is in an unlocked state, FIG. 2 is a plan view 
of the manual locking mechanism in FIG. 1, FIG. 3 is also 
a bottom view of a rotary lock, FIG. 4 is an enlarged view 

10 of essential portions in FIG. 1, and FIG. 5 is a partial 
side view taken in the direction of arrow V in FIG. 4. 

In FIG. 1, two sliding doors 1, 2 are movably hung 
and supported on an unshown door rail, which is 
horizontally mounted along a side surface of a vehicle, 

15 via a hanger 3, and move in laterally opposite directions 
in FIG. 1 to open and close an entrance of a train. A linear 
motor 4 as an actuator that opens and closes the sliding 
doors 1 , 2 , a locking mechanism that locks the sliding doors 
1, 2 into a closed state, and an unlocking mechanism that 

20 unlocks the locking mechanism are independently provided 
on each of the two sliding doors 1, 2 (only the linear motor 
4 or the like for the left sliding door 1 are shown in FIG. 
1 ) . Thus , even if one linear motor 4 of either of the 
sliding doors 1, 2 goes out of order, the other linear motor 

25 4 of a separate system can open and close one of the sliding 
doors 1, 2. Now, description will be made with respect 
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to the sliding door 1, but a configuration and an operation 
of each part also applies to the sliding door 2. 

In FIG. 1, a latch bracket 5 is secured by bolts to 
a hanger 3 integral with the sliding door 1, and a movable 
5 part 4a of the linear motor 4 is connected to the latch 
bracket 5. In the closed state in FIG. 1, the sliding door 
1 is locked by an automatic locking mechanism 6. The 
automatic locking mechanism 6 includes a latch bar 7 that 
is guided by a guide cylinder 9 having a hollow prism shape, 

10 secured to a base plate 28 on the vehicle body, and is 
provided slidably in a vertical direction. A locking 
spring 8 in the form of a tension coil spring urges the 
latch bar 7 toward the sliding door. The latch bar 7 is 
constituted by a round bar, and is guided by the hollow 

15 prism shape guide tube 9 to be inserted into a latch hole 
10 provided in the latch bracket 5. A latch plate 11 is 
attached to a head of the latch bar 7 , and the locking spring 
8 under tension is positioned between the latch plate 11 
and the guide tube 9. The latch bar 7 is received in the 

20 latch hole 10 and then connected to the latch bracket 5, 
when a closing operation of the sliding door 1 is completed, 
so as to lock the sliding door 1 in the closed state. 

Reference numeral 12 denotes a locking switch (limit 
switch) , which is secured to the base plate 28 on the 

25 vehicle body. The locking switch is actuated by the latch 
plate 11 in the shown locked state to be turned on, and 
sends a locking signal to a controller. Reference numeral 
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13 denotes a similar door closing switch, which is actuated 
by the latch bracket 5 in the shown closed state to be turned 
on, and sends a door closing signal to the controller. A 
solenoid 14 is provided as a drive source of the unlocking 
mechanism that drives the latch bar 7 against the locking 
spring 8. The solenoid 14 is vertically secured to the 
vehicle body, and a plunger 14a thereof is at a lower end 
of a stroke in the shown OFF state, and adjacent to a lower 
surface of the latch plate 11. 

In FIGS. 1 and 4, unlocking holding means 15 is 
provided in order to hold the latch bar 7 out of engagement 
with the latch bracket 5. The unlocking holding means 15 
includes, as described later, a slider 16 as a holding 
member that holds the latch bar 7 out of engagement with 
the latch bracket 5, and a tension coil return spring 17 
that urges the slider 16 to the left in FIG. 1. The slider 
16 is slidably supported on the vehicle body in a lateral 
direction in FIG. 1, and, as described later, pushes up 
a roller 18 integral with the latch bar 7 via a slope of 
a cam surface 16a (FIG. 4) in the unlocked state, and 
prevents movement of the latch bar 7 into the latch hole 
10. The roller 18 is rotatably supported on a mounting 
plate 19 having an inverted L- shape secured to the head 
of the latch bar 7 as shown in FIG. 5. 

The return spring 17 is connected, at one end, on 
the slider 16, and at the other end, on the vehicle body. 
Thus, in the closed state of the sliding door 1 in FIG. 
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1, the slider 16 is pushed to the right by a push rod 20 
mounted to an end of the movable part 4a , the cam surface 
16a is disengaged from the roller 18 , and the return spring 
17 is extended. The unlocking operation of the automatic 
5 locking mechanism 6 will be described later. 

A basic structure of the locking mechanism is also 
disclosed in co-pending US patent application No. 
10/155243 filed May 28 , 2002 , assigned to the same assignee 
as this application, the content of which is incorporated 

10 by reference. 

Next, in FIGS. 1 and 4, reference numeral 21 denotes 
a manual locking mechanism. The manual locking mechanism 
21 includes a lock unit 25 includes a rotary lock 22, a 
lock lever 23 secured to a rotational shaft of the rotary 

15 lock 22 and a rotary switch 24 interlocked with the rotary 
lock 22, and a lock fastener 26 with which the lock lever 
23 engages. The lock fastener 26 is formed by bending a 
steel plate into the shown shape, and has a left L-shaped 
bent portion 26a, a right lateral engagement portion 26b, 

20 and a central portion 26c connecting the left and right 
portions. The lock fastener 26 is, as shown in FIG. 4, 
integrally secured to the head of the latch bar 7 via an 
upper portion of the L-shaped bent portion 26a. Thus, as 
shown in FIGS. 4 and 5, the latch plate 11, the mounting 

25 plate 19, and the lock fastener 26 fit into a screw portion 
integrally formed on the head of the latch bar 7, and 
fastened in common by a nut 27. 
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The guide tube 9 of the automatic locking mechanism 
6 that guides the latch bar 7, the locking switch 12, the 
door closing switch 13, the solenoid 14, the slider 16, 
or the like are provided on a steel base plate 28. The 
lock unit 25 of the manual locking mechanism 21 is also 
secured on the base plate 28, via an arm 25a thereof and 
an L-shaped support fastener 29 (FIG. 4). That is, the 
automatic locking mechanism 6 and the manual locking 
mechanism 21 are integrated into one unit by the base plate 
28, and the locking unit is secured to the train vehicle 
body integrally with the linear motor 4. 

In FIG. 1, when an abnormal condition occurs in an 
opening/closing instruction system of the sliding door 1, 
an unshown key is inserted into a keyhole 30 in a bottom 
surface of the rotary lock 22 as shown in FIG. 3 to rotate 
the key clockwise in FIG. 2. Then, the lock lever 23 
rotates through 90° to overlap a top surface of the 
laterally bent engagement portion 26b at a tip of the lock 
fastener 26. FIG. 6 is a front view of a manually locked 
state, and FIG. 7 is a plan view of the manual locking 
mechanism in the state shown in FIG. 4. For the automatic 
locking mechanism 6 in FIG. 6, the latch bar 7 fits into 
the latch hole 10 of the latch bracket 5 to lock the sliding 
door 1 . 

To unlock the automatic locking mechanism 6, as 
described later, it is necessary to draw the latch bar 7 
from the latch hole 10 and disengage the latch bar 7 from 



the latch bracket 5 . However, in the manually locked state 
in FIG. 6, upward movement of the latch bar 7 is prevented 
by the lock fastener 26 with which the lock lever 23 engages . 
Thus the sliding door 1 is held in the locked state. 
Specifically, in FIG. 6, the manual locking mechanism 21 
prevents the unlocking operation of the automatic locking 
mechanism 6 so as to hold the sliding door 1 in the locked 
state . In the locked state of the manual locking mechanism 
21 in FIG. 6, the rotary switch 2 4 is interlocked with the 
rotary lock 22 to switch a contact thereof, and to turn 
off power of the linear motor 4. 

FIG. 8 is a front view of a state where the automatic 
locking mechanism 6 is unlocked to start the opening 
operation of the sliding door 1 in FIG. 1, in which the 
manual locking mechanism 21 is unlocked, and FIG. 9 is a 
plan view of the manual locking mechanism 21 in FIG. 8. 
Now, the unlocking of the automatic locking mechanism 6 
and the opening operation of the sliding door 1 will be 
described. When an opening instruction is provided to the 
mechanism in the closed state in FIG. 1, the solenoid 14 
is turned on, and the plunger 14a is attracted so as to 
move upward. The plunger 14a raises the latch bar 7 via 
the latch plate 11 and draws the latch bar 7 out of the 
latch hole 10. Thus, the latch bar 7 is disengaged from 
the latch bracket 5, and an opening restriction on the 
sliding door 1 is removed. At this time, the locking switch 
12 is turned off to send an unlocking signal to the 
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controller. The locking spring 8 is extended to apply a 
downward restoring force to the latch bar 7. 

When the unlocking signal is sent from the locking 
switch 12, the linear motor 4 is turned on after a 
predetermined time delay, and the movable part 4a starts 
moving to the left in FIG. 6 . At this time, the door closing 
switch 13 is turned off and sends an opening signal to the 
controller. FIG. 8 shows a point at which the movable part 
4a slightly moves and the sliding doors 1, 2 are slightly 
opened. When the movable part 4a moves, the slider 16 
having been moved by the push rod 20 moves in the same 
direction as the movable part 4a by a restoring force of 
the return spring 17, and the cam surface 16a is positioned 
below the roller 18. Then, the sliding door 1 is fully 
opened and stops, and a flat portion of the cam surface 
16a is placed immediately below the roller 18. In this 
state, the slider 16 abuts against a front surface of a 
housing of the linear motor 4 and no longer moves. 

On the other hand, when the opening signal is sent 
from the door closing switch 13, the solenoid 14 is turned 
off after a predetermined time delay. Then, the latch bar 
7 having been raised via the latch plate 11 by the plunger 
14a starts moving downward by the restoring force of the 
locking spring 8, but stops at the point where the roller 
18 abuts against the flat portion of the cam surface 16a, 
so that the unlocked state is maintained. In this opening 
operation, the locking operation of the manual locking 
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mechanism 21 is not performed, and the lock lever 23 is 

placed 90° backward from the lock fastener 26 , so that 
movement of the latch bar 7 is not prevented by the lock 
lever 23 , and the unlocking operation of the automatic 
5 locking mechanism 6 can be performed. 

Now, the locking operation of the automatic locking 
mechanism 6 will be described with reference to FIG. 6, 
which shows a midway condition of the closing operation. 
When the closing instruction is provided in the opened 

10 state, the movable part 4a moves to the right in FIG. 6, 
and then the push rod 20 abuts against the slider 16. If 
the movable part 4a further moves to the right from this 
point, the slider 16 is pushed by the push rod 20 to move 
to the right, and the cam surface 16a is disengaged from 

15 the roller 18 . Thus, support for the latch bar 7 is removed 
the restoring force of the locking spring 8 is applied to 
the latch bar 7 to move downwardly, and a tip end of the 
latch bar 7 abuts against the latch bracket 5. The latch 
bar 7 slides on an upper surface of the latch bracket 5 

20 as the latch bracket 5 moves to the right, and is received 
in the latch hole 10 to lock the sliding door 1. Therefore, 
the side sliding door device reenters the locked state 
shown in FIG. 1. 

In FIG. 4, reference numeral 31 denotes an emergency 

25 handle. The emergency handle 31 is rotatably supported 
on the base plate 28 via a support stem 32, and has a grip 
portion 31a and two cam portions 31b, 31c. In FIG. 4, the 
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manual locking mechanism 21 is in the locked state, but 
if the emergency handle 31 is rotated clockwise with the 
grip portion 31a in the unlocked state of the manual locking 
mechanism 21, the cam portion 31b pushes up the lock 
fastener 26, and draws the latch bar 7 out of the latch 
hole 10 to allow the sliding door 1 to be manually opened. 
At the same time, the cam portion 31c forces the sliding 
door 1 to the left to create a gap between the sliding doors 
1 and 2 (see FIG. 1). This allows the unlocked state to 
be confirmed visually, where the sliding door 1 can be 
manually opened and allows the sliding door 1 to be opened 
by inserting a hand into the gap between the doors. 

The manual locking mechanism 21 according to the 
above embodiment causes the lock lever 23 to engage with 
the lock fastener 26 integrally secured to the latch bar 
7, and forces the latch bar 7 into engagement with the latch 
bracket 5 to hold the sliding door 1 in the locked state. 
The positional adjustment of the manual locking mechanism 
21 may be performed with respect to the automatic locking 
mechanism 6 only, and the adjustment operation is easy 
because it can be performed in a factory as part of the 
connection of mechanical parts with each other. Therefore, 
an accurate mounting operation can be performed in a 
shorter time compared to the prior art in which the 
positional adjustment is performed with respect to the 
sliding door at the site where the vehicle is used. In 
particular, according to the shown embodiment, the 
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automatic locking mechanism 6 and the manual locking 
mechanism 21 are secured on the common base plate 28 and 
integrated into one unit, thus the positional relationship 
therebetween can be maintained more accurately. 
5 Assembly of the hanger 3 that hangs and supports the 

sliding door 1 on the rail via wheels and the latch bracket 
5 is also performed in the factory. Thus, the positional 
adjustment between the latch bracket 5 and the latch bar 
7 can be performed in the factory. As a result, only the 

10 hanger 3 and the sliding door 1 may be connected at the 
site where the vehicle is used, and there is no need for 
the positional adjustment of the automatic locking 
mechanism 6 and the manual locking mechanism 21 at the site 
where the vehicle is used. Further, the manual locking 

15 mechanism 21 that locks the sliding door 1 via the automatic 
locking mechanism 6 does not require such strength as 
required in direct locking of the sliding door 1, thus 
allowing reduction in size. 

As described above, according to the invention, the 

20 manual locking mechanism is configured so as to manually 
lock the sliding door via the automatic locking mechanism. 
Thus, the need for the positional adjustment operation at 
the site where the vehicle is used is eliminated, 
significantly reducing the number of steps for assembling 

25 the vehicle, and increasing the assembly accuracy to 
increase reliability of the locking operation. 
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The present invention has been described in detail 
with respect to preferred embodiments, and it will now be 
apparent from the foregoing to those skilled in the art 
that changes and modifications may be made without 
5 departing from the invention in its broader aspects, and 
it is the intention, therefore, in the appended claims to 
cover all such changes and modifications as fall within 
the true spirit of the invention. 
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